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In the standard precordial echocardiographic imaging
planes, there is frequent dropout of atrial septal echoes
in the region of the fossa ovalis that can be minimized
by use of the subcostal imaging approach. The diagnostic
sensitivity of this approach was reviewed in 154 patients
(mean age 31 years, range 2 months to 74 years) with
documented atrial septal defect in whom a satisfactory
image of the atrial septum could be obtained.
Subcostal two-dimensional echocardiography suc-
cessfullyvisualized93 (89%) of the 105ostium secundum
atrial septal defects, all 32 (100%) ostium primum de-
fects and 7 (44%) of the 16 sinus venosus defects. A
defect was not visualized (false negative response) in 12
patients (11%) with an ostium secundum defect and in
9 patients (56%) with a sinus venosus defect. In three
The use of two-dimensional echocardiography has allowed
real-time, direct visualization of the atrial septum. However,
in the standard parasternal and apical imaging planes, be-
cause the direction of the echographic beam is nearly parallel
to the atrial septum, echo dropout, primarily in the region
of the midatrial septum (fossa ovalis), is common, making
these imaging planes unreliable for the echocardiographic
diagnosis of atrial septal defect (1-3). In comparison, the
subcostal approach permits the echographic beam to be di-
rected nearly perpendicular to the atrial septum, allowing
more complete visualization of the entire atrial septum.
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of the former and five of the latter, a two-dimensional
echocardiographic contrast examination established the
presence of the interatrial shunt. Twenty-four patients
(16%) with clinical findings of uncomplicated atrial sep-
tal defect confirmed by two-dimensional echocardiog-
raphy underwent surgical repair of the defect without
preoperative cardiac catheterization. There were no peri-
operative complications.
Two-dimensional echocardiographic examination of
the atrial septum utilizing the subcostal approach is the
preferred method for the confident, noninvasive diag-
nosis and categorization of atrial septal defects. Two-
dimensional echocardiographic contrast and Doppler ex-
aminations complement the technique and enhance di-
agnostic accuracy.
Tajik et al. (4) pointed out the usefulness of the subcostal
imaging approach for complete evaluation of the atrial sep-
tum, and this was subsequently confirmed by others (5,6).
Preliminary reports (6-8) have recommended that this tech-
nique be given preference in the diagnosis of atrial septal
defect. Because a large series describing the usefulness and
sensitivity of the two-dimensional echocardiographic sub-
costal approach for the diagnosis of various types of atrial
septal defects has not been reported, we describe our ex-
perience with a broad spectrum of patients using this tech-
nique. Our results show that the subcostal technique is very
reliable for the diagnosis and characterization of the com-
mon types of atrial septal defect. In certain circumstances,
contrast echocardiography and Doppler examinations are
useful adjunctive diagnostic procedures. On the basis of our
experience, we also describe the proper technique for the
subcostal echocardiographic examination of the atrial sep-
tum, Its limitations and the indications for and usefulness
of contrast echocardiographic and Doppler examinations.
0735-1097/83/$3 00
128 SHUB ET AL
TWO-DIMENSIONAL ECHOCARDIOGRAPHY IN ATRIAL SEPTAL DEFECT
JACC Vol 2. No. 1
July 1983.127-35
Methods
Study patients. Two-dimensional echocardiograms of
171 patients with a documented atrial septal defect (proved
subsequently by cardiac catheterization or cardiac surgery,
or both) were reviewed. All patients were seen between
April 1977 and April 1982. Patient s were included in the
study on the basis of satisfactory two-dimensional echo-
cardiographic examinations from parasternal and apical po-
sitions, but in particular from the subcostal approach for
visualization of the atrial septum. A total of 154 patients
met these criteria. Seventeen patients (10%) were excluded
from the study because in nine patients (six of nine seen
during 1977 to 1979), the image quality was poor and in
eight patients (six of eight seen in 1977 to 1978), no sub-
costal examination was done. Of the 154 patients, 58 were
male and 96 were female, their ages ranged from 2 months
to 74 years (mean 31 years) . Patients who had an atrial
septal defect as part of other major complex congenital heart
abnormalities were excluded. Confirmation of the atrial sep-
tal defect was made by both surgery and cardiac catheter-
ization in 115 cases, surgery alone in 24 cases and cathe-
terization alone in 15 cases . There was no perioperative
mortality in any of the 139 patients who underwent surgical
repair.
Echocardiography. The two-dimensional echocardio-
graphic equipment used in the study included commercially
available 80° phased-array scanning systems (Varian-Dia-
sonics) with 2.25 and 3.5 MHz transducers and a mechanical
sector scanner (Advanced Technology Laboratories) with 3
and 5 MHz transducers. The atrial septum was analyzed
and the defects were categorized according to specific an-
atomic location (Fig . I) . The technique of the detailed two-
dimensional echocardiographic examination and the vali-
dation of the visualized structures have been previously
discussed (Fig. 2) (4). The studies were recorded on vid-
eotape for storage and subsequent playback analysis . Ex-
amples of two-dimensional echocardiograms are on 35 mm
photographs of video still frames.
Contrast echocardiography. Two-dimensional echo-
cardiographic contrast studies were performed in 71 pa-
tients. The objective was to document a shunt at the atrial
level. The echocardiographic contrast material consisted of
indocyanine green dye followed by a saline flush. An echo-
graphic contrast study was considered technically satis-
factory if there was complete dense bolus opacification of
the right atrium. Satisfactory contrast studies were obtained
in 69 of the 71 patients. The details of the method have
been reported previously (9) . After opacification of the right
atrium, the immediate appearance of "rnicrobubbles" in
NORMAL
SECUNDUM ASD
PRIMUM ASD
SINUS VENOSUS ASD
Figure I, Diagrammatic appearance of
varioustypes of atrial septaldefect (ASD)
as imaged by two-dimensional echocar-
diographic subcostal approach. A. Nor-
mal appearance of atrial septum. Arrows
point to the muscularseptum in the region
of the limbus fossa ovalis, with the thin
valve of the fossa stretching in between.
B. Ostium secundum atrial septal defect
locatedcentrally in the regionof the valve
of the fossa ovalis. C, Ostium primum
atrial septal defect located inferiorly be-
low the limbus. D. Sinus venosus atrial
septal defect located superiorly above the
limbus fossa ovalis. LA = left atrium;
LV = left ventricle; RA = right atrium;
RV = right ventricle.
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Figure 2. Two-dimensional echocardiographic subcostal scan of
the normal atrial septum. A, At level of midatrial septum. Note
membrane of the valve of the fossa ovalis (YFO) stretching be-
tween the muscular components (arrows) of the atrial septum. B,
Anterior to the valve of the fossa ovalis, showing the thicker
(muscular) region of the atrial septum (AS) (arrow). C, Antero-
superior scan of the atrial septum with slight clockwise rotation
of the echographic beam, demonstrating superior aspects of the
atrial septum (arrow) in the region of the superior vena cava
(SYC). (This is the technique utilized for visualizing SInUS venosus
atrial septal defect.) PY = right pulmonary vein; RPA = right
pulmonary artery; other abbreviations as in Figure I.
the left atrium or left ventricle (right to left shunt) (10) or
the visualization of a negative "washout" jet in the right
atrium (left to right shunt) (11,12) defined the presence of
an interatrial shunt. Either observation was considered pos-
itive confirmation of an interatrial shunt.
Doppler studies. The two-dimensional echocardio-
graphic-directed pulsedDopplertechnique(AdvancedTech-
nology Laboratories) was utilized for determining the pres-
ence of the interatrialshunt in sevenpatients. This technique
(13) has been used in selected patients since 1981. With
two-dimensional echocardiographic guidance, the sample
volume was located in the right atrium over the site of the
presumed atrial septal defect. The subcostal approach was
the predominant Dopplerechocardiographic "window" em-
ployed (and thus nearly parallel to shunt flow), although in
some cases, apical or short-axis parasternal views. or both,
of the atrial septum were also used. A reproducible diastolic
flow disturbance was considereddiagnostic of a left to right
shunt at the atrial level. Both the audio signal and the hard
copy printout of the Doppler signal were useful in detecting
interatrial shunts.
Results
The sensitivity* of the subcostal two-dimensional echo-
cardiographic technique for the visualization of the atrial
septal defect is shown in Table I.
Ostium secundum defect (Fig. 3A and B). One hundred
five patients (68%) had an ostium secundum defect. The
mean age of this group was 37 years (range 4 months to 74
years); 34 were male and 71 female. Eighty-six (82%)
underwent subsequent diagnostic cardiac catheterization, and
96 (91 %) had surgical repair. Nineteen patients (18%)
underwent operativeclosure of the defect without prior car-
diac catheterization, and these will be discussed later. An
*Sensitivity = True positives/t'Irue positives + False negatives) in
the given population studied
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Table 1. Sensitivity of Two-Dimensional Echocardiography (subcostal technique) in Diagnosis of 154 Cases of Atrial Septal Defect
Age (yr) Sex No. With
Defect Sensitivity
Type of Defect Cases Mean Range M F Visualized (%)
Secundum 105 37 4 mo to 74 34 71 93 89
Primum 32 16 2 mo to 73 12 20 32 100
Sinus venosus 16 41 5 to 66 12 4 7 44
Coronarysinus I 62 0 I 0 Not calculated
F = female ; M = male.
atrial septal defect (a persistent echo-visible defect in the
region of the fossa ovalis) was visualized by two-dimen-
sional echocardiography in 93 of the 105 cases (diagnostic
sensitivity 89%). Defects as small as 0.4 x 0.2 em could
be visualized, but in most patients, the defect was larger
than 1.5 em. In every instance when the atrial septal defect
was visualized , it was properly categorized as a secundum
type.
In 12 (J 1%) of the 105 patients. the defect was not vi-
sualized (false negative result). Eleven of the 12 patients
had subsequent anatomic confirmation of the defect at sur-
gery (Table 2); in the remaining patient the defect was
substantiated at cardiac catheterization. The age of the pa-
tient did not influence the success rate of visualization of
the atrial septal defect (Fig. 4). Echocardiographic contrast
studies were performed in five of the patients. and in three
an interatrial shunt was diagnosed (positive dye study). In
two patients, contrast studies were nondiagnostic because
of incomplete opacification. Two patients had Doppler ex-
aminations, both of which were positive. Therefore, in five
(71 %) of seven patients in whom a defect was not directly
visualized , the additionof a contraststudyor pulsedDoppler
echocardiography allowed a correct diagnosis of a shunt at
the atrial level.
Ostium primum defect (Fig. 3C). Thirty-two patients
had an ostium primum defect. The mean age of this group
was 16 years (range 2 months to 73 years); 12 were male
and 20 female . Thirty-one patients (97%) had subsequent
cardiac catheterization, and 26 (81 %) underwent surgical
repair. In each case, the defect was correctly diagnosed by
two-dimensional echocardiography (diagnostic sensitivity
100%). The typical echocardiographic featuresof an ostium
primum defect (Fig. 3C) were considered more diagnostic
from apical and modified parasternal four chamber views
(inflow views). Characteristic inferior displacement of the
atrioventricular valves and exclusion of a ventricular septal
defect were appreciated better from the apical views. On
the basis of its characteristic location and appearance . the
ostium primum defect was correctly categorized in every
instance .
In six patients. an associated ostium secundum defect
waspresent but not appreciated by the echocardiographer.
In five of these six patients, the associatedsecundum defect
was either small (4 to 6 mm) or fenestrated.
Sinus venosus defect (Fig. 3D). Sixteen patients had
an atrial septal defect of the sinus venosus type. The mean
age of this group was 41 years (range 5 to 66); 12 were
male and 4 female . Of the 16patients. 12(75%) underwent
cardiaccatheterization and 4 did not. All 16 patients under-
went surgical correction . The defect in the superior part of
the atrial septum was visualized by two-dimensional echo-
cardiography in 7 of the 16 (diagnostic sensitivity 44%),
and in all 7 instances it was properly categorized as of the
sinus venosus type. Right ventricular volume overload was
present in 15 of the 16 patients, and right ventricular en-
largement without paradoxical septal motion was observed
in the remaining patient.
Of the nine patients in whom a sinus venosus defect was
not visualized. five were examined during the period from
April 1977 to July 1979, a time when the proper technique
to visualize this type of defect was not well understood . In
thisearlyexperience , fourof fivesinusvenosus defects were
not visualized. In our subsequent experience, 6 of the next
II defects were visualized . The increased diagnostic sen-
sitivity was attributed to a more detailed subcostal exami-
nation of the atrial septum, including anteroposterior scan-
ning in the region of the superior atrial septum (14).
Fifteen (94%) of the 16patients with sinus venosusdefect
had associated partial anomalous pulmonary venous con-
nection draining into the superior vena cava just above or
at the junction of the right atrium and the superior vena
cava (13 patients) , directly into the right atrium (I patient)
or into the upper superior vena cava (I patient). An anom-
alous pulmonary vein was visualized by two-dimensional
echocardiography in one patient.
Coronary sinus defect. One patient in this series, a 62
year old woman, had a coronary sinus defect (confirmed at
surgery). Preoperatively, this patient was suspected of hav-
ing a nonvisualized ostium secundum atrial septal defect.
Although the defect was not visualized by echocardiog-
raphy, the results of two-dimensional echocardiographic
contrast study were positive.
Two-dimensional echocardiographic contrast studies.
Seventy-one patientshad echocardiographic contraststudies
and 69 (97%) of these had abnormal findings, most showing
bidirectional interatrial shunts (Table 3). Apical and par-
asternal four chamber and short-axis views were most fre-
quently utilized for visualization of the negative contrast
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washout effect in these studies, Slow motion replay with
frame by frame analysis was most useful in visualizing the
jet of negative contrast medium in assessing the presence
of a left to right shunt. Also, "rnicrobubbles" were seen
in the left atrium or the left ventricle (right to left shunt),
or both, more easily by this slow motion replay analysis
technique,
Of the patients with a secundum atrial septal defect, three
had a defect that was not visualized but had positive dye
studies, Two patients had normal (false negative) contrast
dye studies, All 14 two-dimensional echocardiographic con-
trast dye studies in the group with a primum defect and all
10 studies in the group with a sinus venosus defect were
abnormal. In the group with a sinus venosus defect, five
patients who had a nonvisualized defect had a positive dye
study, The one patient with a coronary sinus defect also had
a nonvisualized defect and a positive dye study,
Doppler echocardiographic studies. A pulsed Doppler
echocardiographic examination was performed in seven pa-
tients with an ostium secundum defect and was positive in
each instance, A typical diastolic flow disturbance in the
right atrium in the region of the atrial septum was recognized
in each patient (Fig, 5),
Figure 3. Two-dimensional echocardiographic images(still frame
photographs) of various types of atrial septal defect, as viewed
from the subcostal approach, A and D, Two examples of ostium
secundumatrial septal defect. C, Ostium primumdefect. D, Sinus
venosus defect. Arrowheads demarcate the defect in A, D and
D; arrows indicatedefect in C. I = inferior;L = left; R = right;
S = superior; VS = ventricular septum; other abbreviations as
In Figures I and 2.
Associated disorders. Thirty-four patients had associ-
ated cardiac disorders that were diagnosed by two-dimen-
sional echocardiography. In the group with a secundum
defect, echocardiographic mitral valve prolapse was found
in 20 patients (19%) (Table 4). In the group with a primum
defect, a cleft mitral valve was visualized in all.
Patients undergoing operation without prior cardiac
catheterization. Of the 154 patients, 24 (16%), with a
mean age of 30 years (range 3 to 61), underwent successful
surgical repair of an atrial septal defect without preoperative
cardiac catheterization, In this group of patients with typical
clinical findings of atrial septal defect, the two-dimensional
echocardiogram was used as the major confirmatory test
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Table 2. Characteristi cs and Anatomic Correlat ion in 12 Cases of False Negative Two-Dimensional Echocardiographic Diagnosis
(ostium secundum atrial septal defects)*
Shunt Determined
Age (yr) Date of Echo- Echographic Echographic Doppler at Cardiac
&Sex cardiogram Diagnosist Contrast Study Study Catheterizauonj Surgical Findings
1M 1981 RVVO Not done Not done 54% L-R ASD (2 x 2 em)
6M 1981 RVVO. atrial Not done Positive 55% L-R (EW) Single defect (not
septal measured). atrial
aneurysm septal aneurysm
9F 1981 RVVO Not done Positive " Large" L-R (EW) ASD (2 em)
18F 198 1 RVVO. (?) PFO Positive Not done 56% L-R: Qp:Qs = 2.2 Single defect (not
measured)
45F 1981 RVVO. atrial Not done Not done EW. Qp:Q, = 1.7 ASD (1.3 ern): atnal
septal septal aneurysm;
aneurysm. " hooding" of
mitral valve mitral valve
prolapse
47F 1978 RVVO Not done Not done Not donet ASD (2.5 x 2.5 ern)
50F 1981 RVVO. mitral Not done Not done 330/< L-R: Qp.Qs = 1.3 ASD (I x I ern) ,
stenosis (mild) mitral stenosis
(commissurotomy)
55P 1980 RVVO. mitral False negative Not done 60% L- R: Qp:Qs = 2 4 ASD (I x 2 ern)
valve prolapse
56M 1978 RVVO Not done Not done 40% L-R. Qp:Qs = 1.6 Four small defects
58P 1981 RVVO Positive Not done 50% L-R; Qp:Qs = 1.9 ASD (2 ern)
59M 1981 RVVO. tricuspid Tricuspid Not done 51 % L-R ASD (1.8 ern ),
insufficiency. insufficiency cardiomyopathy
decreased left confirmed: confirmed by
ventricular negative myocardial biopsy
function washout effect
in atrium not
seen
*Failure to imagedefect clearly despite right ventricular overload; one patient with a positive echographic contrast study refused surgery and is not
included in thrs table. t Patient had typical clinical findings of atrial septal defect and was sent to surgery without preoperative cardiac catheterization,
ASD = atrial septal defect; EW = catheterization done elsewhere: F = female; L-R = left to nght shunt at atrial level determined by Fick
technique; M = male: PFO = patent foramen ovale; Pt = patient: Qp:Qs = pulmonary to systemic flow ratio: RVVO = right ventricular volume
overload.
(with or w ithout contrast or Doppler studies) . The atria l
septa l defect was visu alized in 23 pati ents (96%), and the
remaining pat ient had typical ec hocardiograph ic findings of
right ventricul ar volume ov erl oad and a po sitive echographic
contras t study . Nineteen patients (79%) in th is group had
Figure 4. Patient age and success of visualization of atrial septal
defect (ostium secundum) in 105 cases.
an os tium sec undum defec t, four had a sinus venos us defect
and one had an ostium primum defect. Twelve (63%) of
the 19 patients with an ostium sec undum defect , 3 (75%)
of the 4 patients with a sinus venos us defect and the 1 patient
with an os tium primum defect underwent surgical repai r on
the ba sis of typi cal cl in ical findings (and di agnost ic tw o-
dimensional echocardiographic findings) without othe r con-
firmatory te sts . None of the se pati ents had a hi story of
ang ina or prior my ocardial infarction or had findings sugges -
Age (years)~ <10 11·20 21·30 31-40 41·50 51·60 >60
Table 3. Two-Dimensional Echocardiographic Contrast Studies
(7 1 cases) in Diagnosis of Atrial Septal Defect
Patients With Patients With
No. of
Contrast Study POSitive Results
Type of Defect Patients No. % No. %
Secundum 105 46 44 44 96
Primum 32 14 44 14 100
Sinus venosus 16 10 62 10 100
Coronary sinus I I 100 I 100
13
15
12
10 10
Q Nonvlsualized
o Visualized
n=105
20
HI
No . of 12
patients
19
8
14
4
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20
2
4
2
I
2*
I
It
No. of
Patients
'Coronary artery bypassgraft surgery performedat time of atrial septal
defect repair in both cases; fTricuspid insufficiency diagnosed on basis of
dilated pulsatile mfenor vena cava and hepanc veins, as well as systolic
reflux of dye into hepatic vein, dunng two-dimensional echocardiographic
contrast study.
Abnormality
Table 4. Associated Cardiac Abnormalities in 154 Patients
With Atrial Septal Defect
Mitral valve prolapse
Atrial septal aneurysm
Pulmonary stenosis (nuld)
Mitral stenosis
Coarctation of aorta
Ischemic heart disease
Persistent left supenor vena cava
Tricuspid insufficiency
Patent ductus artenosus
-
- sv RA: - •
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Figure 5. Doppler echocardiogram of atrial septal defect (ostium
secundum) using the subcostal approach. A, Subcostal four cham-
berview. Sample volume (SV) (arrowhead) is located intheright
atrium adjacent to the atrial septal defect (small arrows). Ao =
aorta; I = inferior; LW = posterior left ventricular wall; S =
superior. B, The typical flow velocity profile consists ofa positive
deflection (flow toward transducer) In late systole (first vertical
arrow) persisting through diastole with accentuation (second pos-
itive deflection) at end-diastole (just before second vertical ar-
row), indicating flow through the defect toward the transducer in
these parts of the cardiac cycle. Other abbreviations as before.
tive of associated valvular heart disease or pulmonary hy-
pertension. At operation, the associated anomalous pul-
monary venous connection in patients with a sinus venosus
atrial septal defect was successfully repaired in all.
Discussion
Role of two-dimensional echocardiography in diag-
nosis of atrial septal defect. Two-dimensional echocardi-
ography represents an important advance in the noninvasive
imaging of patients suspected of having an atrial septal
defect because it allows a unique detailed assessment of
spatial cardiac anatomy. However, confident diagnosis of
atrial septal defect determined from the standard precordial
views has been limited, primarily because of spurious' 'echo
dropout" (false positive responses) in the region of the fossa
ovalis due to parallel echographic beam imaging in these
echographic planes (1-3,12) (Table 5). No false negative
studies for ostium secundum defect have been reported thus
far.
By comparison, the subcostal two-dimensional echocar-
diographic approach directsthe echographic beam morenearly
perpendicular to the atrial septum, allowing more complete
imaging of the structure and minimizing echo dropout (5,7).
However, anatomic relations with adjacent structures, for
example, atrioventricular valves, are best appreciated in
apical and parasternal four chamber views. Ideally, both
precordial and subcostal images should be obtained for com-
plete characterization of atrial septal defects. The subcostal
examination is feasible in 98% of infants and children (5,6)
and 90% of adults (7). When the subcostal imaging approach
is not feasible, an acceptable alternative approach is the low
parasternal view, which provides nearly similar images of
the atrial septum, especially in patients with right ventricular
volume overload.
The results of the present study suggest that the subcostal
two-dimensional echocardiographic technique allows the
successful imaging of an atrial septal defect in patients of
all ages. This study also confirms that the ostium primum
atrial septal defect is the easiest defect to diagnose by two-
dimensional echocardiography (15,16); the subcostal, para-
sternal and apical four chamber views were all extremely
sensitive in visualizing the ostium primum defect, easily
differentiating it from other defects.
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Table S. Previous Reports of Two-Dimensional Echocardiographic Visualization of Atrial Septal Defect
No. of Defects Visualized/
Type of Echo-
No. of Cases Studied
Source No. of Age Range cardiographic Transducer
(first author) Year Patients Secundum* Pnmum Sinus Venosus (yr) Device Position Comments
Dillon (I) 1977 17 III II 6/6 0 Infancy to Mechanical Parasternal Frequent false positive
7th short-axis results noted
decade (base)
Lieppe (2) 1977 24 21121 2/2 0/1 15-68 Phased-array Parasternal Frequent false positive
long-axis results noted
(tncuspid
valve)
Schapira (3) 1979 9 9/9 0 0 Not Phased-array Parasternal False positive results
reported short-axis in 50% of control
(base) subjects
Lange (5) 1979 17 11111 6/6 0 1-18 Mechanical Subcostal Satisfactory subcostal
Images III all
patients
Bierman (6) 1979 38 31131 717 0 <I Mechanical Subcostal
Bourdillon (8) 1980 II 10/10 0 1/1 6-53 Mechanical Precordial or Used echographic
subcostal (or contrast studies for
both) diagnosis
Total of 6 116 93/93* 21/21 1/2 <1-68
series
Present series 1982 154 93/105 32/32 7/16 1/6-74 Phased-array Subcostal
and
mechanical
*No false negative studies reported.
False negative studies. The diagnostic sensitivity for
the ostium secundum defect was lower but still satisfactory
(89%). In 11% of the cases in this study, the ostium se-
cundum defect was not visualized (false negative result),
This experience is contrary to that described by previous
authors, who encountered no false negative results (Table
5). Inability to visualize an atrial septal defect (false neg-
ative) could have been due to several factors: 1) multiple
small or fenestrated defects, 2) associated aneurysm of the
atrial septum with distortion of normal anatomy, 3) small
size of the defect, and 4) incomplete scanning of the atrial
septum (probably the most important factor). In cases of a
nonvisualized but suspected secundum defect, contrast
Doppler studies were useful (Table 2) in establishing the
presence of an interatrial shunt in an additional 5 of 12
patients, thereby increasing the total diagnostic yield of the
echographic examination from 89 to 93%.
False positive studies. Our study was not designed to
assess the specificity of the echocardiographic technique,
Although false positive images suggesting a secundum de-
fect in the subcostal format may uncommonly occur, these
usually are due to inadequate images or improper (low) gain
settings.
Therefore, we recommend that whenever unexplained
right ventricular volume overload is found on two-dimen-
sional echocardiographic examination in a patient with
"clinically suspected" but "nonvisualized" atrial septal
defect, an ancillary technique, either two-dimensional echo-
cardiographic contrast or Doppler study, should be per-
formed. Also, in such circumstances, one should suspect
the possibility of a sinus venosus defect, and special efforts
should be made to scan the superior portion of the atrial
septum. Other diagnostic possibilities that should be con-
sidered under these circumstances include multiple, small
or fenestrated secundum atrial septal defects and partial
anomalous pulmonary venous connection with intact atrial
septum.
Surgical correction of atrial septal defect without car-
diac catheterization. A small but significant number (16%)
of our total patient group underwent successful surgical
repair of the atrial septal defect without undergoing "rou-
tine" cardiac catheterization. The two-dimensional echo-
cardiogram played an important role in confirming the clin-
ical diagnosis in these cases. This is obviously a highly
select subgroup of patients-many were young women, and
none had clinical evidence of coronary heart disease, as-
sociated valvular heart disease or significant pulmonary hy-
pertension, Questions concerning possible associated anom-
alies, for example, mitral stenosis or pulmonary stenosis,
were raised by the clinician in three instances and were
resolved by the two-dimensional echocardiogram in each.
This study suggests that properly selected patients who have
the typical findings of atrial septal defect and no compli-
cating features, with the diagnosis confirmed by two-di-
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mensional echocardiography, may be referred directly for
surgical correction without undergoing routine preoperative
cardiac catheterization.
In summary , two-dimensional echocardiographic exam-
ination utilizing thesubcostal approach is thepreferred method
for noninvasively diagnosing and categorizing atrial septal
defects, In our experience, ostium primum defect can be
reliably diagnosed in all cases and the secundum defect in
most (89%), The sinus venosus defect remains difficult to
visualize (recent sensitivity 55%). Two-dimensional echo-
cardiographiccontrast studiesand Doppler examinations are
helpful inconfirming thediagnosis, especially when anatrial
septal defect is suspected but the defect itself cannot be
clearly defined ,
We acknowledge the participation of Vernon P Weber (chief technician)
and the entire technical staff of the Echocardiography Laboratory, Mayo
Clinic, for their assistance in completion of this study. and Barbara
Kronebusch for preparation of the manuscnpl.
References
I. Dillon JC, Weyman AE. Feigenbaum H. Eggleton RC, Johnston K
Cross-sectional echocardiographic examination of the mteratnal sep-
tum. Circulauon 1977.55:11 5-20
2. Lieppe W, Scallion R, Behar VS, Kisslo JA Two-dimensional echo-
cardiographicfindings In atrial septal defect. Circulation 1977:56:447-
56.
3. Schapira IN, Martin RP, Fowles RE. Popp RL. Single and two di-
mensional echocardiographic features of the interatrial septum in nor-
mal subjects and patients with an atrial septal defect. Am J Cardiel
1979;43:816-9.
4 Tajik AJ, Seward JB. Hagler DJ, Marr DD. Lie JT. Two-drmensional
real-rime ultrasonic Imaging of the heart and great vessels: technique,
Image orientation, structure rdentiticauon. and vahdation, Mayo Clin
Proc 1978: 53:271- 303.
5 Lange LW, Sahn DJ. Allen HD. Goldberg SJ. Subxiphoid cross-
secnonal echocardiography In infant, and children with congenital
heart disease. Circulation 1979:59:513-24.
6 Bierman FZ. Williams RG. Subxiphoid two-dimensional Imaging of
the interatrial septum In infants and neonates with congenital heart
disease Circulation 1979:60:80-90
7 Bansal RC. Tajik AJ. Seward JB, Offord KP Feasibility of detailed
two-dimensionalechocardiographic examination in adults: prospective
study of 200 patients. Mayo Clin Proc 1980:55.291 - 308.
8. Bourdillon PDV. Foale RA. Rickards AF. Idenufication of atrial septal
defects by cross-sectional contrast echocardiography Br Heart J
1980;44:401 - 5
9 Seward JB. TaJik AI. Spangler JG. Ritter DG. Echocardiographic
contrast studies initial experience. Mayo Clm Proc 1975:50:163- 92.
10. Serruys PW, van den Brand M, Hugenholtz PG. Roelandt J. Intra-
cardiac right-to-left shunts demonstrated by two-dimensional echo-
cardiography after penpheral vein injecnon. Br Heart J 1979;42:429-
37
II . Kroruk G. Hutterer B. Mosslacher H Diagnosis of atrial left-to-right
shunt, by cross-sectional contrast echocardiography. Z Kardiol
1981 :70:138-45
12. Weyman AE, Wann LS, Caldwell RL, Hurwitz RA, Dillon JC, Fei-
genbaum H Negative contrast echocardiography. a new method for
detecting left-to-right shunts. Circulation 1979;59:498-505.
13. Kalmanson D. Veyrat C, Derai C, Savior CoH oBerkman M, Chiche
P. Non-invasive technique for diagnosmg atrial septal defect and as-
scssmg shunt volume usmg direcuonal Doppler ultrasound: correla-
nons with phasic flow velocity pattern, of the shunt. Br Heart J
1972:34:981- 91.
14 Nasser FN, Tajik AJ. Seward JB, Hagler DJ Diagnosis of SinUS
venosus atnal septal defect by two-dimensional echocardiography.
Mayo Clin Proc 1981:56:568-72.
15. Beppu S. Nimura Y. Nagata S. ct al. Diagnosis of endocardial cushion
defect with cross-sectional and M-mode scanrung echocardiography:
differentiation from secundum atrial septal defect. Br Heart J
1976.38:911 - 20.
16. Hagler DJ, Tajik AJ, Seward JB, Mair OJ), Ritter DG. Real-time
Wide-angie sector cchccardiography atrioventricular canal defects
Crrculation 1979.59'140-50.
